Background. Left upper quadrant involvement by peritoneal surface disease (PSD) may require distal pancreatectomy (DP) to obtain complete cytoreduction. Herein, we study the impact of DP on outcomes of cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS/HIPEC). Methods. Analysis of a prospective database of 1,019 procedures was performed. Malignancy type, performance status, resection status, comorbidities, Clavien-graded morbidity, mortality, and overall survival were reviewed. Results. DP was a component of 63 CRS/HIPEC procedures, of which 63.3 % had an appendiceal primary. While 30-day mortality between patients with and without DP was no different (2.6 vs. 3.2 %; p = 0.790), 30-day major morbidity was worse in patients receiving a DP (30.2 vs. 18.8 %; p = 0.031). Pancreatic leak rate was 20.6 %. Intensive care unit days and length of stay were longer in DP versus non-DP patients (4.6 vs. 3.5 days, p = 0.007; and 22 vs. 14 days, p \ 0.001, respectively). Thirty-day readmission was similar for patients with and without DP (29.2 vs. 21.1 %; p = 0.205). Median survival for lowgrade appendiceal cancer (LGA) patients requiring DP was 106.9 months versus 84.3 months when DP was not required (p = 0.864). All seven LGA patients undergoing complete cytoreduction inclusive of DP were alive at the conclusion of the study (median follow-up 11.8 years). Conclusions. CRS/HIPEC including DP is associated with a significant increase in postoperative morbidity but not mortality. Survival was similar for patients with LGA whether or not DP was performed. Thus, the need for a DP should not be considered a contraindication for CRS/HI-PEC procedures in LGA patients when complete cytoreduction can be achieved.
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Cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) improves survival in selected cohorts of patients with peritoneal surface disease (PSD) from a variety of epithelial malignancies. The extent of the survival benefit is predominantly determined by the completeness of cytoreduction. [1] [2] [3] Patients with PSD may present with extensive involvement of the splenic hilum and distal pancreas. In such patients, obtaining a complete macroscopic cytoreduction often requires en bloc incorporation of the pancreatic tail into the splenectomy specimen. The impact of distal pancreatectomy (DP) on outcomes of patients undergoing CRS/HIPEC is not well described.
The primary goal of this article was to evaluate the differences in procedure-specific morbidity and mortality after CRS/HIPEC between patients with and without DP, regardless of primary lesion. The secondary goal was to describe the impact of DP on the overall survival (OS) of patients who have undergone CRS/HIPEC for PSD from appendiceal primary malignancies.
METHODS
Institutional Review Board approval was obtained for analysis of a prospectively maintained database of 1,019 CRS/HIPEC procedures performed from 1991 to 2013. Eligibility criteria for CRS/HIPEC included histologic or cytologic diagnosis of peritoneal carcinomatosis, complete recovery from prior systemic chemotherapy or radiation treatments, resectable or resected primary lesion, debulkable PSD, and lack of extra-abdominal disease. All patients had a complete history and physical, tumor markers, and computed tomography (CT) of the chest, abdomen, and pelvis prior to CRS/HIPEC procedure. The CRS/HIPEC procedure was conducted as previously described by our group. 4 Data abstracted from the database included patient age, race, sex, Eastern Cooperative Oncology Group (ECOG) performance status, type of primary malignancy, co-morbidities, R resection status, number of visceral organs removed, and number of anastomoses performed. For those patients undergoing DP, operative reports were reviewed to ascertain method of pancreatic transection, intraoperative drain placement, and pancreatic texture. Outcome variables included morbidity, mortality, readmission, specific complications, and OS. R0 and R1 resections were grouped together as complete cytoreductions. Cytoreductions with residual macroscopic disease were characterized as R2 and subdivided based on the size of residual disease (R2a B5 mm, R2b [5 mm and B2 cm, R2c [2 cm). Surgical morbidity and mortality were graded according to the Clavien and Dindo classification system. 5 Minor morbidity was defined as Clavien and Dindo grade I and II, while major morbidity was defined as Clavien and Dindo grade III and IV. Pancreatic leaks were characterized based on the International Study Group of Pancreatic Fistula (IS-GPF) criteria. 6 Since drains were not uniformly placed, the current manuscript captures predominantly clinically significant pancreatic leaks.
Descriptive statistics, including frequencies and percentages for categorical data and means and standard deviations for continuous data, were calculated for those with and without DP. Fisher's exact tests compared categorical variables and Wilcoxon rank-sum tests compared continuous variables. Multivariate analysis was performed to evaluate whether inclusion of DP significantly affected morbidity after controlling for the patient's extent of disease and performance status.
OS was calculated from the date of CRS/HIPEC (or first CRS/HIPEC in cases where a patient underwent more than one procedure) to the last known date of follow-up or the date of death. Estimates of survival were calculated using the Kaplan-Meier (product-limit) method. Group comparisons of OS were performed by using the approximate Chisquare statistic for the log-rank test. Statistical significance was defined as a p value \0.05. All analyses were performed using SAS 9.3 (SAS Institute, Inc., Cary, NC, USA).
RESULTS
DP was performed as a component of cytoreduction in 61 patients undergoing 63 CRS/HIPEC procedures from 1991 to 2013. Median follow-up was 53 months. Those patients who required DP did not differ significantly from those who did not require DP in terms of age, sex, BMI, or preoperative co-morbidities. However, individuals undergoing DP had a worse preoperative performance status than patients not undergoing DP (26.7 % ECOG 2 or greater vs. 15.3 %; p = 0.028). Preoperative albumin levels were also statistically lower in this group but not to a clinically significant degree (3.6 vs. 3.8; p = 0.04). Likewise, the distribution of primary tumors was significantly different between groups, with the appendix serving as the primary site for 63.3 % of those requiring DP but only 45.9 % of those not requiring DP. Additional patient characteristics are listed in Table 1 . DP was associated with more operative blood loss (mean estimated blood loss 1,172 ml vs. 760 ml; p \ 0.001), more days in the intensive care unit [ICU] (mean ICU stay 4.6 vs. 3.5 days; p = 0.007), and a longer hospital stay (mean hospital stay 22 vs. 14 days; p \ 0.001). Patients requiring DP as a component of CRS/ HIPEC also sustained a higher 30-day major morbidity than those who did not require DP (30.2 vs. 18.8 %; p = 0.03). However, 30-day mortality was similar between patients with and without DP (2.6 vs. 3.2 %; p = 0.790), as was 90-day major morbidity and mortality (Table 2) . Although the percentage of those requiring readmission was greater in those undergoing DP, this difference was not statistically significant (30-day readmission rate 29.2 vs. 21.1 %; p = 0.268). Reasons for readmission amongst those undergoing DP included intra-abdominal abscess (35 %), dehydration (41 %), wound complications (12 %) and pulmonary complications (12 %). When reviewing all CRS/HIPEC procedures (n = 1,019) for specific complications, procedures including a DP were more likely to result in a clinically significant pulmonary effusion (9.5 vs. Table 3) . To evaluate whether the excess morbidity in the DP cohort remained significant after controlling for their lower performance status and increased burden of disease, a multivariate analysis was performed. Initial univariate analysis demonstrated that age (p = 0.03), EBL (p \ 0.001), R resection status (p \ 0.001), inclusion of DP (p = 0.03), number of organs resected excluding the pancreas (p \ 0.001), and number of anastomoses performed (p \ 0.001) were significant predictors of 30-day morbidity. However, the final reduced multivariate model signified that DP was not a significant predictor of 30-day major morbidity (p = 0.15) after controlling for age (p = 0.01), R resection status (p = 0.002), and number of organs resected (p \ 0.001).
Of the 63 CRS/HIPEC procedures that included a DP, 55 % were transected with the use of a TA or GIA stapler, 34 % were transected with a stapler and then over-sewn, and 11 % were transected with electrocautery and then over-sewn. Intraoperative left upper quadrant drains were placed in 45 % of these patients.
Thirteen of these procedures (20.6 %) were complicated by pancreatic fistula (PF). Two (15.4 %) such leaks were Grade A leaks, both of which resolved within 12 days of their diagnosis. The remaining PF were Grade B and C leaks. There were no statistical differences in the method of pancreatic transection (p = 0.49) or intraoperative left upper quadrant drain placement (p = 0.18) between those who did and did not develop PF, nor were there statistically significant differences between those with and without PF with respect to their preoperative albumin level (3.7 vs. 3.59; p = 0.42), number of organs resected, excluding pancreas (4.7 vs. 4.5; p = 0.67), or ECOG performance status (15.4 % ECOG 2? vs. 30.6 % ECOG 2?; p = 0.27). Three patients with PF (23.1 %) presented with pancreatic ascites and were treated with reoperation and drainage. Four (30.8 %) presented with peripancreatic abscesses and were treated with interventional radiology (IR)-guided percutaneous drain placement. Two (15.4 %) presented with left hydrothorax and elevated amylase levels in the pleural fluid. Both were managed with a tube thoracostomy. Three patients (23 %) required parenteral nutrition. Three patients (23 %) with pancreatic leak died; however, two of these patients also developed concurrent enteric leaks. The median time to leak resolution among survivors was 35 days.
Survival analyses were confined to patients with similar primary lesions due to the effect of tumor biology on survival outcomes. Median OS was similar for all patients with low-grade appendiceal primary malignancies (LGA) following CRS/HIPEC regardless of the inclusion of a DP (106.9 months with DP vs. 84.3 months without DP; p = 0.864) (Fig. 1) . Subgroup analysis for patients with LGA based on the ability to achieve complete cytoreduction (R0/R1) could not be performed because the median survival was not reached. In fact, each of the seven patients with PSD due to LGA who received a complete cytoreduction inclusive of a DP was alive at the conclusion of the study period, with a median follow-up of 11.8 years.
DISCUSSION
The survival benefit from CRS/HIPEC procedures is directly related to the completeness of cytoreduction. [1] [2] [3] 7 Since pancreatectomy is associated with significant morbidity, DP is typically not performed during CRS/HIPEC. Therefore, when effacement of the splenic hilum by tumor deposits makes isolated splenectomy neither oncologically sound nor technically feasible, the surgeon is faced with the dilemma of either aborting the case or proceeding with cytoreduction that will include a DP and splenectomy. A small number of prior studies have investigated the morbidity and mortality of DP during CRS without chemoperfusion in metastatic ovarian cancer. [8] [9] [10] The current study represents the largest series of PSD patients to undergo synchronous CRS/HIPEC with DP.
The presented analysis demonstrates that the addition of DP to CRS/HIPEC results in a significant increase in perioperative morbidity but not in overall mortality. More specifically, major morbidity and length of hospital stay were nearly double in the DP cohort. Since DP was performed for increased volume of disease, it is not surprising that those requiring DP presented with worse performance status and required a more extensive operation, as indicated by longer operative times, higher blood loss, and greater number of organs removed at the time of CRS/HIPEC. Indeed, when controlling for this higher burden of disease during multivariate analysis, the inclusion of DP no longer remained a significant predictor of 30-day major morbidity, indicating that more extensive cytoreduction contributed to overall worse perioperative outcomes. Previous reports have demonstrated no significant role in the method of pancreatic transection upon PF development, and the results of this study were no different in that regard. [11] [12] [13] [14] [15] [16] Additionally, factors known to predispose individuals to PF, such as albumin level, were not significantly different between those who did and did not develop PFs in this study. In sum, PF complicated 20.6 % of DP procedures in this study. This is in agreement with multiple prior studies, which indicate that closure of the pancreatic stump fails in 12-31 % of non-PSD patients undergoing DP. [17] [18] [19] [20] Thus, chemoperfusion in the current study was not associated with a clinically significant increase in PF rate.
The majority of pancreatic fistulae in this study were managed with the drain placed during the initial operation or subsequently by IR. While patients who had DP did not have an overall higher postoperative mortality, 3 of 13 patients who developed PF died during the perioperative period, a 23 % complication-specific mortality. In contrast, PF-associated mortality for primary pancreatic disease is reported to be less than 1 %. 12 Due to the high complication-specific mortality in our cohort, we do not recommend DP early in the course of the operation unless meticulous inspection of the peritoneal cavity confirms the feasibility of a complete cytoreduction. In our study, only 37.7 % of DP patients had a complete cytoreduction, further supporting our claim that DP is a surrogate for higher burden of disease.
We attribute the increased mortality of PF to several factors, including the advanced stage of disease, extent of cytoreduction, and altered physical examination resulting from intraoperative chemoperfusion. Importantly, two of the three patients who developed pancreatic fistulae and died also had concurrent enteric leaks. Common findings after HIPEC inclusive of splenectomy, such as abdominal pain, persistent leukocytosis and CT evidence of nonenhancing fluid collections, likely led to late recognition and management of postoperative pancreatic fistulae. With such confounders, we suggest that a left upper quadrant drain should be consistently placed and checked for amylase prior to feeding the patient.
This retrospective, single-institution study is limited by the fact that preoperative assessment of disease involvement and fistula risk factors, including pancreatic texture, and location, were not available for analysis. In addition, the median OS was similar between LGA patients with and without DP because the analyzed cohort included patients with both complete and incomplete cytoreduction. Even though all LGA patients who had a DP associated with complete macroscopic cytoreductions were alive at 12 years, this study is underpowered to conclude if the inclusion of DP to achieve R0/1 cytoreduction improves survival.
CONCLUSIONS
The addition of DP with CRS/HIPEC is associated with a significant increase in perioperative morbidity and PFspecific mortality without significant increase in overall procedural mortality. Therefore, given the increased morbidity, we argue that adding DP should be performed only in cases where a complete cytoreduction is feasible based on the extent and topography of PSD. A multi-institutional analysis is needed to demonstrate if the addition of DP to achieve a complete cytoreduction improves OS of patients with PSD.
